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Helminth Parasites of Llamas {Lama glama) in the Pacific Northwest^ 
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abstract; a survey of helminth parasites of 18 llamas from the Pacific Northwest was conducted between 
February 1986 and September 1989. A total of 16 species (9 genera) of nematodes and 1 species of trematode 
was recovered. The most prevalent species of nematodes were in the genera Camelostrongylus and Trichostrongy- 
lus followed by Nematodirus, Trichuris, Capillaria, and Cooperia. Species in the genera Haemonchus, Ostertagia, 
and Oesophagostomum were rare. The only trematode species present was Fasciola hepatica. This is the first 
study of the helminth fauna of llamas in North America, and it defines what may be the typical species 
composition present in these animals. 
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Information available from around the world 
indicates the llama {Lama glama (L.)) is host to 
a wide variety of external and internal parasites 
(2^wadowsky and Zvaguintzev, 1933; Vasquez 
etal., 1956; Jansen, 1959; Chavez and Guerrero, 
1960; Guerrero and Rojas, 1970; Gorman et al., 
1986). However, scientific knowledge regarding 
the health care of llamas in the United States has 
not kept pace with the explosion in the animals’ 
popularity. This is particularly true with regard 
to parasitic diseases. Giardia sp., Toxoplasma 
gondii, and 4 species of Eimeria (Riemann et al., 
1974; Kiorpes et al., 1987; Rickard and Bishop, 
1988) are the only protozoan parasites identified 
thus far in llamas. Fasciola hepatica and Fascio- 
loides magna are the only species of trematodes 
currently known to infect llamas (Conboy et al., 
1988; Comick, 1988). The nematode parasites 
include Parelaphostrongylus tenuis, which has 
been associated with neurologic disease in both 
guanacos {Lama guanicoe) and llamas (Brown et 
al., 1978; Baumgartner et al., 1985; Krogdahl et 
al., 1987), and at least 5 genera of gastrointestinal 
nematodes (Bishop and Rickard, 1987). How¬ 
ever, other than Nematodirus battus, the actual 
species composition of these helminths is un¬ 
known. This study reports the results of post¬ 
mortem examinations of 18 llamas from the Pa¬ 
cific Northwest providing basic information on 
the helminths present in these animals. 

Materials and Methods 

Between February 1986 and September 1989, nec¬ 
ropsies for parasites were performed on 18 llamas at 
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the Oregon State University Diagnostic Laboratory. 
All animals were either donated or admitted to the 
College of Veterinary Medicine, Oregon State Univer¬ 
sity for reasons unrelated to parasitism. Most of the 
animals were from the Willamette Valley of western 
Oregon. The remainder were from northern and central 
Oregon and western Washington. Animals ranged in 
age from 6 mo to approximately 15 yr. 

Necropsy procedures were as follows: the gastroin¬ 
testinal tract was hgated in situ and the component 
parts (compartment 3 of the forestomach, small intes¬ 
tine, and cecum with 1 m of large intestine) removed. 
Each was opened into separate containers and the con¬ 
tents collected. The mucosal surface was then stripped 
by hand 3 times and the washings added to the contents 
which were brought to known volumes and appropriate 
duplicate aliquots (1 to be examined, the second for 
backup) taken. For compartment 3 and the small in¬ 
testine, each aliquot was washed with tap water through 
a 400-mesh (37.5-Mm opening) sieve. The material re¬ 
tained on the screen was backwashed into a dish and 
preserved in 10% neutral buffered formalin. For the 
cecum/large intestine, a 100-mesh (ISO-^m opening) 
sieve was used. Compartment 3 was further processed 
by soaking it in tap water for a minimum of 14 hr at 
room temperature. The mucosal surface was stripped 
again and the washings added to the incubation fluid. 
Aliquots were collected as per compartment 3 contents. 
The major airways and smaller bronchioles of the lungs 
were opened and visually examined for the presence 
of nematodes. The liver was sliced into large chunks 
and squeezed to express any flukes that may have been 
present. The chunks were then cut into approximately 
1-cm^ pieces and incubated a minimum of 12 hr in 
tap water. The pieces were then washed under running 
tap water over a 400-mesh sieve. The fluid from the 
incubation was then washed through the same sieve 
and the material retained was backwashed into a dish 
and preserved as above. 

The small intestine and cecum/large intestine were 
examined from all 18 animals. Compartment 3 from 
17 of the 18 animals was examined with 14 of these 
incubated in tap water. Livers from only 8 and lungs 
from only 6 animals were available for examination. 

Parasites were removed from 1 of the 2 aliquots from 
each organ and from each liver sample, identified to 
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si>ecies, and the total number of each species calculat¬ 
ed. Liver flukes were enumerated by counting the whole 
flukes, anterior ends, and posterior ends separately. 
Total numbers were then calculated by adding the 
numbers of whole flukes to the number of anterior or 
posterior pieces, whichever was greater. Identifications 
of helminths were based on the descriptions and keys 
provided in the following: Orloff, 1933; Skijabin et al., 
1954; Sommerville, 1956; Lichtenfels, 1977; Levine, 
1980; Soulsby, 1982; Durette-Desset, 1983; Lichten¬ 
fels and Pilitt, 1983; Lichtenfels et al., 1986, 1988; 
Rickard and Bishop, 1991. Identification of female Ca- 
melostrongylus mentulatus was also based on the syn- 
lophe (Rickard, unpubl. data). 

Representative specimens of adult nematodes re¬ 
covered have been deposited with the USNM Hel¬ 
minthological Collection (Nos. 80824, 81324—81335). 

Results 

Sixteen species of nematodes comprising 9 
genera were recovered from the llamas along with 
1 species of trematode (Table 1). The most prev¬ 
alent nematodes were in the genera Camelostron- 
gylus and Trichostrongylus, whereas species of 
Nematodirus, Trichuris, Capillaria, and Coope- 
ria were less often encountered. Species referable 
to Haemonchus, Ostertagia, and Oesophagosto- 
mum were rare. 

Discussion 

It is apparent from the present study that lla¬ 
mas are host to a wide variety of nematode spe¬ 
cies. Camelostrongylus mentulatus has not been 
considered to be common in the United States 
and has only been reported from camels {Ca- 
melus dromedarius and C. bactrianus) in zoos 
and blackbuck {Antilope cervicapra) on private 
ranches in Texas (Canavan, 1929; Jaskoski and 
Williamson, 1958; Thornton et al., 1973a; Av- 
erbeck et al., 1981). However, this parasite has 
a wide host range throughout the rest of the world 
having been reported in both species of camels, 
domestic sheep {Ovis aries), domestic goats 
{Capra hircus). Saiga antelope {Saiga tartarica), 
goitred gazelle {Gazella subgutturosa), red deer 
{Cervus elaphus), as well as alpacas {Lama pacos) 
and llamas (Rogers, 1939; Bhalerao, 1942; Jan¬ 
sen, 1959; Guerrero, 1960; Copland, 1965; 
Guerrero and Chavez, 1967; Dunn, 1968; Er- 
molova, 1968; Hernandez et al., 1980). Given 
the high prevalence of C. mentulatus in the pres¬ 
ent study and the widespread transportation of 
llamas within the United States, this parasite may 
actually be more common here than previously 
believed. 

The pathogenicity and potential for cross¬ 


transmission of C. mentulatus has also been doc¬ 
umented (Thornton et al., 1973b; Beveridge et 
al., 1974; Hilton et al., 1978; Flach and Sewell, 
1987). The pathogenic effects of this parasite in 
blackbuck include chronic emaciation and death. 
Examination of infected abomasa revealed le¬ 
sions consistent with parasitic gastritis. Trans¬ 
mission experiments indicate that C. mentulatus 
can be transferred from blackbuck and camels 
to domestic sheep and goats but not to cattle 
(Thornton et al., 1973b; Beveridge et al., 1974). 
Pathologic changes present in the sheep were 
similar to those caused by Teladorsagia spp. with 
extensive mucous metaplasia, loss of parietal cells, 
elevated abomasal pH, elevated Na+ concentra¬ 
tions in the abomasal contents, and elevated 
plasma pepsinogen levels. Although it was not 
within the scope of this study to determine the 
effects of parasites on llamas, gross lesions were 
noticed in compartment 3 of some animals in¬ 
fected with C. mentulatus. Small, raised nodules 
up to 5 mm in diameter, often containing a cen¬ 
tral depression, were observed on the mucosal 
surface. The lesions were generally confined to 
the distal portion of compartment 3. These ob¬ 
servations, although limited, may indicate that 
C mentulatus, which parallels Teladorsagia spp. 
in pathogenicity and development in sheep, may 
cause a similar disease syndrome in the llama. 

It is interesting to note that in those areas of 
South America in which alpacas have been ex¬ 
amined, the prevalence of Ostertagia spp. is much 
greater than that for C. mentulatus (23. l%-59% 
and 2.3%-3%, respectively; Chavez and Guer¬ 
rero, 1965; Chavez et al., 1967). However, in the 
llamas in the present study, the reverse was found 
to occur. The reasons for this reversal cannot be 
determined at this time, but possible causes in¬ 
clude: 1) lack of exposure of the llamas to Os¬ 
tertagia-, 2) competitive inhibition by C. men¬ 
tulatus-, 3) host factors favoring 1 parasite over 
the other; 4) lack of exposure of the alpacas to 
C. mentulatus due to an overall low prevalence 
in South America; and 5) differences in hus¬ 
bandry including grazing practices and anthel¬ 
mintic treatment. 

The predominant species of Trichuris present 
in the llamas was T. tenuis. This nematode was 
first described from a camel in the Houston Zoo 
(Chandler, 1930). We recently redescribed this 
nematode from llamas and noted that the report 
was the second of this species in North America 
and the first in these free-ranging animals (see 
Rickard and Bishop, 1991). In contrast to T. 
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Table 1. Species composition, intensity, range, and prevalence of the helminths recovered from llamas. 


Parasite (USNM No.) 

Intensity* * * § 

Minimum 

Maximum 

Prevalence* 

Nematodes 

Camelostrongylus mentulatus 9 

1,781 

20 

11,890 

76% 

C. mentulatus S 

1,346 

2 

9,850 

76% 

C. mentulatus adults, total (81324) 

3,127 

24 

21,740 

76% 

C. mentulatus L 4 t 

1,158 

2 

7,440 

47% 

C. mentulatus E 4 I 

45,773 

22 

182,710 

27% 

Ostertagia ostertagi 9 

254 

8 

500 

12 % 

0 . ostertagi 3 

109 

6 

280 

18% 

0 . ostertagi adults, total (81325) 

278 

14 

780 

18% 

Ostertagia L 4 

- 

— 

100 

6 % 

Ostertagia/Camelostrongylus E 4 § 

8,545 

70 

17,020 

12 % 

Ostertagia! Ca melostrongylus L 3 §■ || 

— 

— 

80 

6 % 

Haemonchus sp. 3 

— 

— 

20 

6 % 

Trichostrongylus spp. 9 (81329) 

419 

2 

2,920 

72% 

T. ax«3(81332) 

233 

4 

548 

33% 

T. vitrinus 3 (81331) 

160 

20 

561 

22 % 

T. longispicularis 3 (81330) 

330 

20 

1,060 

22 % 

Trichostrongylus adults, total 

629 

2 

4,641 

78% 

Trichostrongylus L 4 

127 

2 

480 

22 % 

Nematodirus spp. 9 

1,239 

20 

11,440 

61% 

N. helvetianus 3 (81326) 

1,268 

20 

10,180 

56% 

N. spathiger 3 (81334) 

136 

20 

340 

28% 

N. filicollis 3 

- 

— 

160 

6 % 

Nematodirus adults, total 

2,468 

60 

21,860 

61% 

Nematodirus L 4 

780 

20 

3,600 

33% 

Nematodirus E 4 

264 

20 

880 

28% 

Nematodirus L 3 

— 

— 

120 

6 % 

Cooperia spp. 9 

300 

40 

480 

22 % 

C. oncophora 3 (81335) 

240 

20 

500 

22 % 

C. surnabada 3 (81327) 

50 

20 

80 

11 % 

Cooperia adults, total 

452 

20 

860 

28% 

Cooperia L 4 

50 

20 

80 

11 % 

Cooperia E 4 

— 

- 

20 

6 % 

Capillaria sp. adults (81333) 

46 

1 

120 

56% 

Capillaria sp. larvae 

- 

- 

10 

6 % 

Trichuris tenuis adults (80824) 

84 

1 

569 

61% 

T. discolor 9 

— 

— 

1 

6 % 

T. skrjabini 9 

— 

— 

1 

6 % 

Trichuris spp., adultsU 

7 

3 

11 

11 % 

Trichuris adults, total 

85 

3 

569 

61% 

Trichuris larvae 

38 

1 

102 

17% 

Oesophagostomum venulosum adults (81328) 

4 

1 

7 

11 % 

Trematodes 

Fasciola hepatica 

- 

- 

38 

11 % 


* Intensity = mean number of parasites per infected host; prevalence = percent of individuals of a host species infected with 
a particular parasite, 

t L 4 = late fourth-stage larvae. 

I E 4 = early fourth-stage larvae. 

§ In mixed Ostertagia-Camelostrongylus infections, third-stage and early fourth-stage larvae of the two species could not be 
reliably differentiated. 

II L3 = third-stage larvae. 

H Species identification could not be determined due to the condition of the specimens. 


tenuis, T. ovis is the most commonly reported 
species in South American camelids (Guerrero, 
1960; Chavez and Guerrero, 1960, 1965); how¬ 
ever, we did not recover this species from any 
of the animals examined. The predominance of 


T. tenuis indicates that this species is probably 
the typical trichurid present in llamas in the Pa¬ 
cific Northwest and possibly the United States 
as well. 

Both O. venulosum and Haemonchus sp. were 
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found infrequently in the llamas, paralleling ob¬ 
servations of the parasites in alpacas (Chavez and 
Guerrero, 1965; Chavez et al., 1967). The lack 
of infection with Haemonchus in alpacas was 
attributed to the poor survival of larvae in the 
areas where the animals lived. Poor larval sur¬ 
vival was considered to be due to adverse cli¬ 
matic conditions (low temperatures and inade¬ 
quate humidity). However, Haemonchus spp. and 
O. venulosum are present in sheep and cattle from 
the same areas in which the llamas originated 
(Malczewski et al., 1975; Richards et al., 1987a; 
Hoberg et al., 1988). Consequently, host factors 
may play an important role in limiting infections 
with these parasites. 

Neither Strongyloides spp. nor N. battus were 
found in the llamas examined in the present study 
although eggs of both have been recorded on 
standard fecal examinations from llamas in the 
study area (Bishop and Rickard, 1987). Nema- 
todirus lamae, the typical nematodirid species of 
South American camelids, was not among the 
species of Nematodirus found in the present sur¬ 
vey, nor was Lamanema chavezi, which is con¬ 
sidered to be the most pathogenic nematode 
present in llamas and alpacas. Lungworms were 
also absent even though Dictyocaulus sp. is often 
found in lamoids in South America (Chavez and 
Guerrero, 1960, 1965); however, their absence 
is likely due to the small sample size. 

South American camelids are host to a variety 
of cestodes, including both metacestodes and 
adult stages {Taenia hydatigena, Echinococcus 
granulosus, Moniezia expansa, M. benedeni) 
(Chavez and Guerrero, 1960, 1965). Fecal ex¬ 
aminations of over 500 animals in Oregon in¬ 
dicated Moniezia sp. can be found in llamas but 
is very rare (<1% positive) (Rickard, unpubl. 
data). In the present study, neither adults nor 
cysts of tapeworms were found in the animals 
examined. However, the role of llamas as an in¬ 
termediate host for E. granulosus should be care¬ 
fully considered in those areas of North America 
in which this parasite is found. 

Easciola hepatica was present in only 1 of the 
9 livers examined. The overall prevalence of liv¬ 
er flukes in llamas in North America is currently 
unknown. Sedimentation of fecal samples from 
approximately 250 llamas in Oregon showed 
< 1 % to be positive for eggs of E. hepatica, where¬ 
as an earlier survey showed 6% of 180 fecal sam¬ 
ples to be positive (Rickard, unpubl. data). The 
only other report of E. hepatica in llamas in the 
United States was from Texas (Comick, 1988). 


Development of more accurate serologic tests, 
such as the ELISA or dot-ELISA, would aid in 
delineating the overall prevalence of liver flukes 
in llamas and their potential impact on the llama 
industry. 

With the exceptions of C. mentulatus and T. 
tenuis, the nematodes encountered in the llamas 
are also common parasites of cattle and sheep in 
the study area (Malczewski et al., 1975; Richards 
et al., 1987a, b; Hoberg et al., 1988; Rickard et 
al., 1989) as well as across the United States 
(Levine, 1980). This indicates that the llama must 
be considered in management and control prac¬ 
tices where these animals share common ground. 
In addition, the exchange of parasites among lla¬ 
mas and other exotic ruminants such as the 
blackbuck must also be considered. This is es¬ 
pecially important in game parks and private 
ranches where free-ranging, susceptible animals 
share common habitat. 
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